Introduction
Interferon gamma (IFNγ) release assays (IGRA) are T cell-based assays that detect the release of IFNγ in response to specific tuberculous antigens. 1 They were first approved by the US Food and Drug Administration (FDA) in 2001 and have since come into widespread use. 2 T-spot.TB tests and QuantiFERON-TB Gold are the major types of commercially available IGRA in clinical use for the detection of tuberculosis (TB). 3 In March 2011, the National Institute of Health and Care Excellence (NICE) released new guidelines on the diagnosis and management of TB in the UK. These guidelines were an update on the previous 2006 UK guidelines on TB. One notable change was the incorporation of IGRAs into the algorithm for diagnosis of latent TB. 4 Historically, the diagnosis of latent TB has been based on the tuberculin skin test (TST). However, this presented some problems because TST has a significant false positive rate owing to cross-reactivity with other mycobacterial species. 5 In addition, the sensitivity of TST is limited in immunocompromised individuals owing to anergy, and there are also problems with consistency in the interpretation of TST results. 6 IGRAs are more sensitive and specific compared with TSTs in detecting latent TB. 7 In addition, previous vaccination with Bacillus CalmetteGuérin (BCG) does not affect the results. However, a major limitation to the use of the IGRAs is their inability to distinguish latent TB from active TB. 8 Therefore, NICE does not recommend IGRA as part of the algorithm for the diagnosis of suspected active TB. Other investigations, including chest X-rays and sputum cultures, must be utilised, in addition to clinical judgement, to make a diagnosis of active TB. 4 The aim of this audit was to assess current practice at the University Hospitals Birmingham (UHB) NHS Trust with respect to the context of IGRA use by respiratory physicians and to compare this practice with the 2011 NICE guidelines.
Method
This was a retrospective study using data that were collected from the microbiology laboratory at UHB. The TB service at UHB is a generalist one with all chest physicians potentially seeing TB cases. UHB does not treat children and there is a immigrant-screening programme at the Trust. All IGRA assays requested by consultant chest physicians from January 2008 until August 2012 were identified from the computerised records of the microbiology department. Further data on demographics, investigations and treatment were obtained via the hospital clinical information portal and clinical notes at the UHB by HRM. Data and reason for IGRAs were discussed by DRT, HRM and RDT to form a consensus upon the reason why the IGRA had been carried out (investigation of patients with symptoms and signs suggestive of active TB, or screening for latent TB, eg before starting anti-tumour necrosis factor (TNF) therapy). Analysis of data was done using Microsoft Excel software.
Results

Demographics
In total, 110 IGRA assay results were identified from 110 patients, and all were included in the audit. Patient demographics are outlined in Table 1 
Indication for IGRA
The NICE guidelines advocate the use of the IGRA for the diagnosis of latent TB only. 4 The reasons for requesting IGRAs in the study population during the study period are summarised in Table 2 , with the results of the tests shown in Table 3 . As illustrated in Table 3 , reactive IGRAs were obtained in 47 (43%) of the patients included in the study sample, out of which 13 (12% of the entire sample population) were younger than 35 years of age.
Compliance with NICE guidelines on tuberculosis
Compliance with Mantoux testing. According to the NICE guidelines, IGRAs are only advised if the Mantoux test is positive or less reliable. 4 Only two of the patients had the IGRAs done as a follow-up of a positive Mantoux test (Table 2) . However, some patients were noted in their clinic documentation to have had a Mantoux test at some point during their management. The number of patients with a documented Mantoux test is detailed in Table 4 .
Compliance with HIV testing. The NICE guidelines on TB advise further that patients with human immunodeficiency virus (HIV) and prior BCG vaccination of any age who are strongly Mantoux positive or IGRA positive should be treated for latent TB. 4 The HIV status of the patients with reactive IGRAs is shown in Fig 1. Only one (2.1%) of the 47 patients with a reactive IGRA was HIV positive. However, evidence of the HIV status of most patients with reactive IGRAs (57.5%) could not be determined from the electronic or paper records.
HIV status in the proportion of patients treated for active tuberculosis
In total, 34 of the 110 patients reviewed in this audit were eventually treated for active TB. One of these 34 patients (3%) was HIV positive, 21 (61.8%) were HIV negative and the HIV status was unknown in 12 patients (35.2%).
Compliance with chest X-rays. Chest X-rays are recommended by NICE for patients with reactive IGRAs to exclude active TB. 4 In total, 45 (95.7%) of the 47 patients with reactive IGRAs had a chest X-ray. The two patients (4.3%) who did not have chest X-rays had alternative appropriate investigations (CT scan of thorax and lymph node biopsy).
Compliance with additional investigations. Of the 110 patients included in this study, 26 had chest X-ray features that were suggestive of TB. The NICE guidelines advocate sputum microscopy and culture in patients with chest X-ray findings that are indicative of TB. 4 It was not clear from the notes whether the patients who did not have sputum microscopy and culture were expectorating (induced sputum is not available at UHB). However, the NICE guidelines advise bronchoscopy and bronchoalveolar lavage (BAL) if spontaneously produced sputum is unavailable. The breakdown of the 26 patients with chest X-rays suggestive of TB who went on to have sputum microscopy and culture and/or a bronchoscopy and lavage is shown in Table 5 . All 26 patients who had adequate investigations underwent attempts to obtain culture samples.
Four of the patients who were sputum microscopy and culture negative also had a negative bronchoscopy and lavage. One of these patients was managed as a case of active TB in view of the high clinical suspicion and history of contact with a patient with active TB. A second patient was found on CT scan of thorax to have miliary TB and was also managed as a case of active TB.
There were five patients with negative sputum tests who did not have a bronchoscopy and lavage. However, in four of these patients, other investigations had been done that included pleural fluid cultures in two patients, one pleural biopsy and one computed tomography (CT) scan of thorax that confirmed miliary TB.
A sputum microscopy and culture was not performed in seven patients who also did not have a bronchoscopy and lavage. However, in all seven patients, there had been additional investigations, including lymph node biopsies in three patients and pleural biopsies in four patients.
Compliance with the management of active TB. The NICE guidelines propose that patients with chest X-ray appearances that are suggestive of active TB should have further diagnostic investigations, including a sputum microscopy and culture. If these are positive or the patient has clinical signs and symptoms consistent with a diagnosis of TB, then treatment should start immediately. 4 The subsequent management of the 26 patients with chest X-rays suggestive of TB is shown in Fig 2. In total, 24 (92.2%) of the patients with chest X-ray features suggestive of TB were treated for active TB; one was treated for latent TB and one was later found to have a parapneumonic effusion.
Compliance with the management of latent TB. NICE recommends that treatment of latent TB is considered in patients who are younger than 35 years of age with prior BCG vaccination and are either strongly Mantoux positive or IGRA positive. 4 Of the 13 patients (85%) who were younger than 35 years of age and had reactive IGRAs (Table 3) , 11 had no record of a Mantoux test being done, and two of the 13 patients (15%) had positive Mantoux tests. Both patients were eventually treated for active TB. The management of all 13 patients who were younger than 35 years of age and had reactive IGRAs is shown in Fig 3. One of the two patients who were not managed as either active or latent TB had been visiting Birmingham at the time, and was referred to a local clinic for subsequent follow-up and management. The second patient was pregnant and a clinical decision was made not to start chemoprophylaxis.
Discussion
Our data suggest that 90% of the IGRAs reviewed in this audit are being utilised mainly for the investigation of patients with suspected active TB, against current guidelines. Only 1.8% had been done as a follow-up of a positive Mantoux test and, in a further 1.8% of the patients, there was no clear indication given for the assay. In total, 6.4% of the patients had the test conducted to exclude latent TB in view of the risk of reactivation of TB when anti-TNF agents were started. 9 Although patient ethnicity is not included in the NICE algorithm for the diagnosis and management of latent TB 4 , TB is well known to follow an ethnic and geographic trend and is more common among foreign-born individuals. 10, 11 It was observed that the ethnicity of some patients included in the study population was not properly documented (15.5%). Information about patients' ethnicity is important in the analysis of the potential risk of antibiotic resistance. Furthermore, this omission could impede any larger epidemiological studies in the future.
In this audit, the proportion of patients who had a documented Mantoux result was low (10.9%) and there were no clear reasons given in the patients' notes about the reason for this omission. Furthermore, a high proportion (84.6%) of the patients below the age of 35 years who had a positive IGRA did not have any record of a Mantoux test being done, thus making it impossible to assess which patients met all the NICE guidance criteria for the treatment of latent TB.
On review of the compliance with HIV testing, the results showed that 57.5% of the patients with reactive IGRAs did not have their HIV status documented. Furthermore, 35.2% of the patients who were treated for active TB did not have their HIV status reported. It is possible that HIV status had been established elsewhere, but nonetheless it would have been expected for this fact to be included in the medical records. Given that TB is an acquired immunodeficiency syndrome (AIDS)-defining illness, 12, 13 it is important that a patient who is being treated for active TB should be screened for HIV infection.
There was high compliance with the NICE guidelines recommendation that patients with reactive IGRAs should have a follow-up chest X-ray to exclude active TB. In total, 45 of the 47 patients (95.7%) with reactive IGRAs had had a chest X-ray and the remaining two patients had other forms of imaging. There were 26 patients with chest X-ray findings that were suggestive of TB, all of whom had appropriate additional investigations in line with the NICE guidelines.
Most patients who had chest X-ray features suggestive of TB, received treatment for active TB (92.3%), thus demonstrating a high compliance with the NICE guidelines. The compliance with the NICE guidelines on the management of latent TB was also high, with 11 of the 13 patients with reactive IGRAs who were younger than 35 years of age (84.6%) being treated for either active or latent TB. 
Conclusion
IGRAs are T cell-based assays that have recently been incorporated into the NICE guidelines for the diagnosis of latent TB. The aim of this audit was to assess the use of IGRAs at the UHB and compare this with the recently published NICE guidelines. The results of the audit indicated that IGRAs are being utilised for the investigation of active TB outside of their licence and current guidelines. The ethnicity of the patients was not always clearly documented and, in some cases, Mantoux tests were not done or results not stated. Several patients who had been treated for active TB did not have HIV tests done. A positive finding of this audit was that all the patients with reactive IGRAs had gone on to have chest X-rays or other appropriate imaging. All the patients with chest X-ray findings that were suggestive of TB underwent further investigations, including any of a sputum microscopy and culture, BAL, pleural fluid microscopy and culture, lymph node biopsy or pleural biopsy. Furthermore, every patient had received appropriate treatment for either active or latent TB. The patients with reactive IGRAs for whom treatment for latent TB had been recommended according to the NICE guidelines were also managed properly in line with the current guidelines (Table 6 ).
In conclusion, it is recommended that:
IGRAs should be used for the diagnosis of latent TB in line • with current guidelines the ethnicity of all patients should be clearly documented • the results of the Mantoux tests should be clearly documented • and reasons stated whenever the test is not done all patients with active TB should be screened for HIV • infection.
these indicators of quality of use will be re-audited • subsequently.
